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Abstract

Purpose To assess the current status and future potential of multiparametric MRI (mpMRI) and MRI-targeted biopsy (MRI-
TBx) on the pretherapeutic risk assessment in prostate cancer patients’ candidates for radical prostatectomy.

Methods A literature search of the MEDLINE/PubMed and Scopus database was performed. English-language original and
review articles were analyzed and summarized after an interactive peer-review process of the panel.

Results Pretherapeutic risk assessment tools should be based on target plus systematic biopsies, where the addition of
systematic biopsy (TRUS-Bx) to the mpMRI-target cores is associated with a lower rate of upgrading at final pathology.
The combination of mpMRI findings with clinical parameters outperforms models based on clinical parameters alone in the
prediction of adverse pathological outcomes and oncological results. This is particularly true when a specialized radiologist
is present.

Conclusion The combination of mpMRI findings and clinical parameters should be considered to improve patient stratifica-
tion in the pretherapeutic risk assessment. There is an urgent need to develop or include MRI data and MRI-TBx findings in
available preoperative risk tools. This will allow improving the pretherapeutic risk assessment, providing important additional
information for patient-tailored treatment planning and optimizing outcomes.

Keywords Prostate cancer - Magnetic resonance imaging - Targeted biopsy - Risk assessment - Review

Introduction

Radical prostatectomy (RP) represents the most commonly
used therapeutic approach in patients with a diagnosis of
clinically localized prostate cancer (PCa) [1, 2]. Prethera-
peutic risk assessment plays a key role in the planning of
the surgical approach. Indeed, risk stratification based on
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individual disease characteristics is key to plan the extent of
the preservation of the neurovascular bundles, which is asso-
ciated with improved erectile function recovery, as well as
to decide whether to perform a pelvic lymph node dissection
(PLND) and its extension [1-5]. Due to the low accuracy of
the conventional imaging in the prediction of extracapsular
extension (ECE), seminal vesicle invasion (SVI) [6], and the
identification of patients with lymph node invasion (LNI)
[7], preoperative risk stratification was historically based on
multivariable models that included clinical variables such
as serum prostate-specific antigen (PSA), clinical stage, the
number of positive cores, and biopsy Gleason score [8—11].

Over the last few years, the introduction of mpMRI in
the diagnostic pathway of PCa led to substantial changes in
the diagnosis of localized disease. In particular, the use of
mpMRI is associated with an improved detection of clini-
cally significant PCa (csPCa) with a reduction of the risk of
overdiagnosis [12—14]. Moreover, the availability of MRI
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images led to the development of mpMRI-based targeted
biopsies (MRI-TBx), which are associated with an increase
in the detection of csPCa reducing the rates of insignificant
disease relative to standard systematic biopsy approaches
(TRUS-Bx) [15-19]. This led to a paradigm shift in the
pretherapeutic risk assessment of PCa patients, where more
accurate preoperative information on disease characteristics
based on imaging and MRI-TBx should be incorporated in
available models to improve our ability to predict pathologi-
cal outcomes.

The aim of this narrative review was to summarize the
available evidence on the current status and future potential
of MRI and MRI-TBx on the pretherapeutic risk assessment
of PCa.

Methods

A literature search of the MEDLINE/PubMed and Scopus
database was performed using the following keywords in
combination with both medical subject headings terms and
text words: prostate cancer, MRI, targeted biopsy, risk tools,
staging, and risk assessment. Only English-language origi-
nal and review articles published between May 2007 and
March 2018 were included. The relevant studies selected
were analyzed and summarized after an interactive peer-
review process of the panel.

mpMRI in risk assessment at diagnosis

Even though mpMRI, together with MRI-TBx, has dem-
onstrated to significantly improve the accuracy in detect-
ing csPCa [15-19], the combination of this radiologic test
with available clinical information and biomarkers seems
to return the best diagnostic risk estimate. Indeed, several
risk models have been developed showing an increase in
mpMRI accuracy in detecting csPCa and spare prostate
biopsies in patients more likely to be diagnosed with low-
risk disease [20-24]. The diagnostic risk assessment is of
crucial importance to reduce overtreatment rate and restrict
active treatment to significant diseases only. A summary
of the current available risk tools is presented in Table 1.
All these risk models were developed on series of patients
underwent mpMRI and subsequent MRI-TBx using either
software assisted-registration (fusion) or visual registration
(cognitive) approach. The majority of these studies utilized
transperineal systematic template biopsies as their reference
standard. Distler et al. [20] developed a nomogram to predict
the risk of csPCa relying on PI-RADS and PSA density. The
authors observed that PSA density increases the NPV of
negative mpMRI (79 vs. 89%) for exclusion of csPCa when
PSA density was 0.15 ng/ml/ml or less. These findings were

@ Springer

confirmed in the previous negative biopsy setting (83 vs.
93%) [20]. Radtke et al. [21] developed novel risk models for
prediction of csPCa for biopsy naive men and after the previ-
ous biopsy and compared these with the ERSPC risk calcu-
lators and PI-RADS. The novel risk models, incorporating
clinical parameters (age, PSA, DRE, and prostate volume)
and PI-RADS, performed significantly better compared with
those without PI-RADS and those with only PI-RADS, and
were found to be more helpful in making the decision to
biopsy men at a suspicion of PCa [21]. However, these mod-
els lack of an external validation. To overcome this issue,
Van Leeuwen et al. [22] demonstrated that a model com-
bining age, PSA, DRE, prostate volume, previous biopsy,
and PI-RADS outperform the model of clinical parameters
alone, and the accuracy of this model in the external valida-
tion cohort was 86%. The clinical application of this model
would allow sparing 28% of prostate biopsies at the cost
of missing 1.6% of csPCa [22]. In conclusion, all these
risk models [20-24] demonstrated that combining clinical
parameters with mpMRI improved the accuracy of the deci-
sion to perform a biopsy in a patient with suspicion of PCa
in comparison with models based on clinical parameter or
PI-RADS alone both in biopsy naive and previous negative
biopsy setting. This allows a considerable reduction in the
number of unnecessary prostate biopsies at the cost of miss-
ing a very small number of csPCa and leads to a reduction in
overtreatment. As such, mpMRI should be considered within
the clinical context before surgery to achieve an accurate
therapeutic strategy decision.

Current role of a “targeted biopsy approach”
in preoperative risk assessment

The increase in the use of MRI-TBx in clinical practice has
redefined the current biopsy strategies, and the introduc-
tion of a targeted biopsy approach in the diagnostic path-
way of PCa has been evaluated [25]. In this context, it is
also important to evaluate how targeted biopsies without
systematic cores might affect the preoperative risk assess-
ment as compared to other biopsy strategies. Although a
recent RCT reported the superiority of the MRI-TBx alone
as compared to 12-core TRUS-Bx alone [25], the question
about whether or not we should quit performing systematic
sampling, in addition to MRI-TBXx, still remains without an
answer [26-29]. The current role of systematic sampling
resides both in avoiding csPCa misdiagnosis as well as in
providing an accurate mapping of the prostate in the view
of an eventual subsequent treatment. First, the combination
of both TRUS-Bx and MRI-TBx has been shown to provide
the highest detection rate of significant disease at the cost
of a sharp increase in the detection of non-significant PCa
in patients with positive mpMRI, with TRUS-Bx being 79%
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better than MRI-TBx in detecting non-significant disease
[15]. The concordance between the two techniques in detect-
ing PCa is quite high [65% (CI 54-74%)] [15]; nonethe-
less, the addition of TRUS-Bx still allowed to detect 15%
csPCa more as compared to the use of MRI-TBx alone [15].
Second, in the PROMIS trial [13], which provided promis-
ing results regarding the use of mpMRI as a triage test for
the detection of csPCa, the accuracy of imaging in defin-
ing csPCa multifocality was not provided. The presence of
multiple csPCa foci within the prostatic tissue is crucial
when a targeted biopsy alone strategy is considered. In this
context, Le et al. [30], in a study comparing mpMRI to RP
specimen, reported that mpMRI missed non-index lesions
with Gleason grade >3 +4 in 20% of men. In further stud-
ies comparing targeted and systematic approach with RP
specimen, Borkowetz et al. [31] reported that 16% of tumor
foci would have been detected by TRUS-Bx alone, with 81%
of those being csPCa. Radtke et al. [32], in a similar study,
demonstrated that the addition of TRUS-Bx to MRI-TBx
would have increased the detection rate of csPCa from 79
to 97%. In both aforementioned studies [31, 32], the com-
bination of MRI-TBx and TRUS-Bx provided the highest
significant index lesions detection. In this context, an impor-
tant issue that must be taken into account is the precision
of MRI-TBx in correctly sampling the lesion reported by
mpMRI. Indeed, MRI-TBx failed to target the mpMRI lesion
in approximately 20% of suspicious lesions harbouring PCa
at final pathology [30-32]. Furthermore, the use of both sys-
tematic and targeted approach was demonstrated to provide
the lowest rate of upgrading at RP, ranging from 18 up to
29% [31, 33]. In conclusion, the combination of MRI-TBx
and TRUS-Bx is associated with the lowest probability of
significant disease misdiagnosis. Moreover, the addition of
systematic cores to targeted ones provides the best reflection
of PCa multifocality within the prostate gland and the most
reliable PCa grading. With the aim to provide an as reliable
as possible preoperative risk assessment, the combination
of both biopsy strategies must be considered, so far, the
best available approach until future risk tools will allow to
safely identify which patients might avoid systematic pros-
tate biopsy in addiction to MRI-TBx.

prostate volume
and PI-RADS
the conventional
clinical predic-
tors allow to
reduced the num-
ber of unneces-
sary prostate
biopsies while
still detecting
most clinically
significant PCa

Incorporating
MRI-derived
in addition to

Conclusion

Nomogram vari-
prior negative
biopsy, PSA,
DRE, MRI-
derived prostate
volume, and
PI-RADS v2

ables
ethnicity,

Age, African
American

Image acquiring Definition of
clinically sig-
nificant PCa
>3+4

TRUS systematic
biopsy

standard

Biopsy technique Reference

nificant
193

cancer

Prostate cancer Sig-
negative
272

biopsy
221

Are we ready to use information
from mpMRI and MRI-targeted biopsy
in available preoperative models?

No. of patients Previous

400

Prediction of adverse pathological outcomes

The role of mpMRI in PCa staging is still a matter of
debate. A recent systematic review and meta-analysis [6]
demonstrated that MRI has a high specificity but a poor
and heterogeneous sensitivity for local PCa staging. The

et al. [24]

MRI-FUB
PCa prostate cancer, MRI-FUB MRI fusion-guided biopsy, MRI-TB MRI-targeted biopsy, NPV negative predictive value, DRE digital rectal examination, PSA-D PSA density

Table 1 (continued)

Study
Mehralivand
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pooled sensitivity for ECE, SVI, and overall stage T3 were
57, 58, and 61%, respectively [6]. Despite the sensitivity
of MRI increases with the addiction of functional imaging
to T2-weighted imaging [6], it is still low and this limits
the preoperative surgical planning which could be modified
based on minimizing the risk of positive surgical margins
(PSMs) and optimizing the likelihood of complete extirpa-
tion via image-directed guidance for wide resection. Evi-
dence coming from a RCT suggests that preoperative MRI
alone do not reduce the overall risk of PSMs [34]. Specifi-
cally, Rud et al. [34] randomized 216 patients to non-MRI
vs. 222 to MRI prior to robotic-assisted RP and observed
that despite MRI changed the surgical procedure in the
direction of a more radical excision in 27% of the patients,
the rate of PSMs was 23 vs. 19% in non-MRI vs. MRI group
(p=0.4), respectively. However, surprisingly, when a sub-
group analysis was performed in those patients with cT1 dis-
ease, there was a statistically significant difference in terms
of PSMs between non-MRI and MRI groups (27 vs. 16%,
respectively; p=0.035). The relative and absolute reduction
was 41 and 11%, respectively. This suggests that the use of
mpMRI for preoperative staging might reduce the risk of
PSMs in patients with impalpable disease at DRE.

Other authors assessed the added value of mpMRI data
to clinical parameters to predict adverse pathological out-
comes (Table 2). For example, Feng et al. [35] observed
that mpMRI results (positive/negative for ECE) might pre-
dict pathological ECE and significantly increase the diag-
nostic accuracy of clinical-based models (Partin Table and
Memorial Sloan-Kettering [MSK] nomogram). The authors
[35] developed also a risk tool that integrates ECE status at
mpMRI with clinical-based models to estimate pathologi-
cal ECE risk. A similar designed study [36] analyzed the
incremental value of preoperative MRI in addiction to clin-
ical-based models [Partin Table and the cancer of the pros-
tate risk assessment (CAPRA) score] in predicting adverse
outcomes at RP. The authors [36] observed that when MRI
results (i.e., negative vs. positive mpMRI) were added to
each model predicting pathological ECE and SVI, they were
significantly associated with the outcome of interest. Moreo-
ver, they provided evidence that MRI combined with clinical
models outperformed clinical-based models alone for pre-
diction of adverse outcomes at RP [36] (Table 2). The larg-
est study available to date that assessed the added value of
mpMRI to clinical parameters was published by Grivas et al.
[37]. In a cohort of 527 patients who underwent 3-T mpMRI
and subsequent robotic-assisted RP, the authors observed
that MRI finding was a highly significant predictor of SVI,
after accounting for clinical parameters (Table 2). Further-
more, the combination of MRI data with Partin model over-
whelmingly increased the AUC (from 83.7 to 92.9%) and the
net benefit. In a sub-analysis in 379 patients where mpMRI
were assessed by only one expert radiologist, the sensitivity

of mpMRI for SVI detection increased from 75.9 to 84.4%
[37]. On the same direction, Tay et al. [38] evaluated the
incremental utility of mpMRI over clinical parameters in
predicting ECE interpreted in a standard radiologic setting
(standard read) and when further over-read by a specialized
reader (specialized read). The authors observed that the sen-
sitivity of clinical parameters-only model vs. clinical param-
eters + MRI standard read vs. clinical parameters + MRI spe-
cialized read was 60 vs. 68 vs. 88%, respectively (Table 2).
Moreover, the addition of mpMRI standard read led to a
small but not significant increase in the AUC (72 vs. 69%).
Conversely, the addition of mpMRI specialized reading sig-
nificantly increases the AUC relative to the clinical baseline
model (91 vs. 69%; Table 2) [38], suggesting that specific
radiologic training is mandatory to improve the preopera-
tive surgical planning. Recently, Weaver et al. [39] failed
to observe a significant increase of the diagnostic accuracy
in predicting ECE and SVI when mpMRI data were added
to MSK nomogram. This discrepancy between the previous
studies may reside in the high number of radiologist (9) who
evaluated mpMRI findings [39].

To summarize, the majority of the available studies pro-
vided evidence that mpMRI findings are significant related
to ECE [35, 36, 39], SVI [36, 37] and significantly increased
the diagnostic accuracy of clinical parameters [38] and of
clinical-based model alone (Partin table [35, 36], Memo-
rial Sloan—Kettering (MSK) nomogram [35], and Cancer
of the Prostate Risk Assessment (CAPRA) score [36]) to
predict adverse RP outcomes. However, some considerations
of the aforementioned studies should be underlined. First,
only one of these studies [35] developed a risk tool allow-
ing individual pretherapeutic risk assessment. Second, only
two of these studies reported the sensitivity of the mpMRI
data combined with clinical parameters to predict adverse
pathological outcomes [35, 38]. This is surprising given
that sensitivity is mandatory to understand whether mpMRI
incorporated with clinical data might be reliable used in pre-
operative planning. Tay et al. reported that, except in case
of specialized reader, the sensitivity is low 68% [38]. The
high sensitivity reported by Feng et al. [35] (84-91%, and
83-94% considering cutoff between 15 and 40% according
to Partin table and MSK nomogram, respectively; Table 2)
is questionable, because the authors did not report how
many adverse pathological outcomes will be missed below
the proposed high cutoff. In consequence, these findings are
not applicable during clinical practice. Third, all the afore-
mentioned studies only considered MRI results in terms of
negative or positive exam for the outcome of interest (ECE/
SVI) without including other MRI data. There is evidence
that apparent diffusion coefficient (ADC) from DWI and
lesion volume at mpMRI are independent predictors of ECE
at final pathology [40, 41]. Moreover, the first nomogram
incorporating DWI information outperforms those without
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DWI [40]. Few studies [42, 43] assessed the potential role
of PI-RADS score in the pretherapeutic risk assessment,
suggesting that MRI information should be combined with
other risk factors to properly assess non-organ confined dis-
ease. Future reports are needed to assess this area of research
to understand whether PI-RADS score should be included
into new risk tools to improve presurgical planning. Inter-
estingly, the recently released PI-RADS v.2 [44] no longer
contains the criteria for standard assessment of non-organ
confined disease of the previous PI-RADS v.1 which relied
on a dedicated scale system proposed by the European soci-
ety of urogenital radiology (ESUR) [45]. This standardized
system, dedicated to staging included within PI-RADS v.1,
was demonstrated to be significantly associated with patho-
logical ECE and to improve the sensitivity and the overall
accuracy for ECE relative to non-standardized reporting
system [41, 46]. Differently, PI-RADS v.2 provides a brief
overview of the major MRI findings regarding ECE and SVI
[44]. The absence of a formal standardized reporting system
for staging might explain the high interobserver variability
in the interpretation of MRI in staging assessment [47]. This
emphasizes the need to improve standardization of imaging
criteria that define ECE and SVI. Last but not least, none of
the aforementioned studies took into account the value of
MRI-TBx findings. Therefore, their results cannot be appli-
cable in daily clinical practice given the widespread use of
MRI-TBx. MRI-TBx might help to recognize in which cases
preoperative planning and surgical dissection warrant added
caution, because it can correctly identify aggressive PCa that
are missed by TRUS-Bx and that are most likely to lead to
adverse pathological outcomes. Recently, Raskolnikov et al.
[48] observed that MRI-TBx Gleason score is significantly
related with pathological ECE in patients who harbour pre-
operative negative MRI for ECE and in consequence could
help to identify which patients with PCa have occult adverse
RP outcomes not detectable by mpMRI. However, the
authors did not provide an individual risk tool and observed
a slightly increase of the AUC (from 0.83 to 0.86) of the
model incorporating MRI-TBx Gleason score relative to
the basic one (age, PSA and random biopsy Gleason score)
[48]. All these considerations strongly suggest that there is
an urgent need of new preoperative risk tools that reliable
detect and localize adverse RP outcomes including not only
MRI data but also MRI-TBx findings.

Prediction of lymph node invasion

The role of mpMRI was also assessed for preoperative
nodal staging. A meta-analysis [7] reported a low pooled
sensitivity for MRI also in this setting, probably because
the definition of nodal metastasis on imaging relies on size
criteria. The advent of the mpMRI allowed obtaining infor-
mation regarding the anatomy of the prostate gland and its

functional behaviour. Indeed, mpMRI data combined with
clinical parameters increased the ability of existing clini-
cal-based model to predict nodal metastases (LNI) [36, 39],
despite this increase is not overwhelmingly as when ECE
and SVI were chosen as outcome of interest (Table 2). There
is also evidence that MRI T stage [49-51] and tumor vol-
ume at MRI [51] should be considered to predict the risk of
LNI. The combination of these parameters to the clinical
one showed an AUC of 95.6% and a sensitivity of 82.6%,
strongly suggesting the inclusion of MRI T stage and tumor
volume into the preoperative risk assessment [51]. However,
the authors did not include MRI-TBx findings into the mul-
tivariable model and did not develop a risk tool due to the
low number of events in terms of LNI [51]. The importance
of MRI T stage was confirmed by other authors in addiction
with predominant Gleason Pattern 4 [52]. To date, several
risk tools are used to predict the risk of LNI [10, 11]. All
these risk tools were tailored to patients undergoing standard
TRUS biopsies who did not undergo preoperative mpMRI.
In consequence, they may not be applicable to patients who
underwent preoperative mpMRI and MRI-TBx. For exam-
ple, if we consider the most popular one of these risk tools
[11], there is evidence that the role of mpMRI is crucial
when the predicted risk of LNI is <5% [52]. If the patients
undergo extended PLND (ePLND) according to the findings
of mpMRI despite the risk of LNI is less than 5%, the risk
of harbouring LNI is up to 15% [52]. Moreover, applying
the findings of MRI-TBx to the Briganti nomogram [11],
it might lead to an overestimation of the risk of LNI due to
the higher percentage of positive cores. Hence, the available
risk tools require being updated and validated utilizing MRI
data and MRI-TBx findings to allow a better selection of
candidates to ePLND.

Prediction of oncologic outcomes

There is also evidence that mpMRI can help the physicians
to preoperatively assess the risk of biochemical recurrence
(BCR) after RP [53-57]. Some studies demonstrated that the
addition of mpMRI data significantly improves the ability
of clinical parameters to predict the risk of BCR after RP
[54-56] (Table 2). For example, Ho et al. [54] developed a
nomogram to predict 3-year BCR after RP incorporating
clinical data (preoperative PSA and Gleason score at biopsy)
with mpMRI parameters (mpMRI suspicion score and ECE).
The c-index of the nomogram with or without mpMRI data
was 84 vs. 74%, respectively. More recently, Zhang et al.
[56] developed a risk model using patient age, first preop-
erative PSA level, and six MRI parameters: (1) tumor loca-
tion; (2) maximum diameter of leading lesion, (3) ADCs of
leading lesion; (4) PI-RADS score; (5) DCE type; (6) MRI
T stage. This nomogram performed better than the D’Amico
and CAPRA score alone in predicting 3-year BCR after
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RP (91 vs. 79 vs. 81%, respectively). The performance of
D’Amico and CAPRA scores was significantly improved by
adding these MRI findings (Table 2). These studies strongly
suggest that the performance of clinical parameters can be
significantly increased adding mpMRI findings. However,
future risk tools need to be developed incorporating other
MRI findings [57] and data from MRI-TBx.

Conclusions

Over the last few years the advent of mpMRI and MRI-
TBx significantly changed the diagnostic pathway of PCa.
The combination of mpMRI findings and clinical param-
eters should always be considered in the pretherapeutic risk
assessment to better risk-stratify and counsel the patients in
daily clinical practice. However, there is an impending need
to develop or include in the available preoperative risk tools
MRI data and MRI-TBx findings to be applicable during
clinical decision-making. This would allow for improving
the pretherapeutic risk assessment providing important addi-
tional information for patient-tailored treatment planning,
optimizing pathological and oncological outcomes.
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